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Abstract 
Cost efficient disassembly operations require the simultaneous release of multiple fasteners without the need to identify the location of every 
individual fastener. Despite the availability of a number of Active Disassembly concepts which offer significant potential to make systematic 
product disassembly economically viable, the stage of mass industrial implementation has not yet been reached. A novel fastener concept has 
been developed in an attempt to overcome some of the barriers that impede implementation of Active Disassembly in electronic consumer 
products. This fastener concept is based on the mechanical properties of elastomer materials and is triggered by an external force applied on the 
product housing. 
© 2014 The Authors. Published by Elsevier B.V.
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1. Introduction 
The End-of-Life (EoL) treatment of Waste Electrical and 
Electronic Equipment (WEEE) in Europe is dominated by 
mechanical size reduction-based scenarios, such as smashing 
or shredding [1]. Due to the poor plastic and Precious Metal 
(PM) recycling efficiency of shredder-based recycling 
processes, only limited value is currently recovered from 
WEEE, and  significant potential to recycle these materials, 
thus avoiding  environmental impact, is neglected [2,3]. 
Meanwhile, product disassembly allows for a more favorable 
EoL treatment of WEEE from an environmental perspective, 
because a higher recycling yield can be obtained [2]. Manual 
disassembly however is in most cases not economically viable 
in  industrialized regions [4], but prior research demonstrated 
that an Active Disassembly (AD) approach has the potential 
to make systematic product disassembly a feasible EoL 
treatment for WEEE [5]. 
Active disassembly is a product disassembly approach in 
which the simultaneous unfastening of multiple fasteners is 
initiated by an external trigger signal. In prior research a range 
of innovative reversible fasteners for AD was developed [5,6]. 
However, large-scale industrial implementation of such 
innovative fasteners has been limited up to now. One case of 
implementation, albeit discontinued, concerns the Shape 
Memory Alloy (SMA) fasteners in a Sharp mobile phone 
charger, named ‘Easy Release Technology’ [7,8]. Factors that 
were cited as reasons for the discontinuation of this product
include the high production cost of the fasteners, the low 
efficiency of the heating process for disassembly and the 
observation that AD was not performed because EoL products 
did not return to the company [9]. 
Currently, in Europe the involvement of most Original 
Equipment Manufacturers (OEMs) of EEE during the EoL 
phase of their products is limited to the contribution of a
recycling fee [10]. This fee is mainly used  to cover the 
reverse logistics costs related with WEEE collection, which is 
jointly organized to lower these costs [11]. The EoL treatment 
of WEEE is performed by commercial recycling companies 
that compete with each other on a cost basis. Therefore, these
companies continually strive to lower process costs [11]. In 
this context of current WEEE treatment in Europe, it is very 
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difficult to convince both OEMs and recyclers to commit to 
investments in AD. On the one hand, manufacturers are not 
likely to invest in new fastening techniques of which the 
reliability has not yet been demonstrated and that are – at least 
initially – more expensive than traditional fasteners. On the 
other hand, recyclers are not likely to invest in dedicated 
disassembly installations for AD if the quantity of products 
that can be processed by this installation cannot be 
guaranteed. Moreover, there exists an economic inconsistency 
in this story: product design changes that improve the EoL 
treatment represent an investment for the OEM during the 
production phase, while the possible economic profits only 
arise during the disposal phase and only benefit the recycler. 
Several of the factors that impede a sound economic 
scheme for implementation of AD are connected with the 
characteristics of the current generation of fasteners for AD. 
The investment costs for OEMs are linked with the use of 
relatively new technologies or expensive materials in AD, 
such as SMA [6], and are also influenced by changes in 
design practice and assembly operations. For recyclers, the 
investment costs are linked with dedicated disassembly 
installations that are required to apply the trigger signal to 
initiate AD. For example, heat triggered fasteners require 
ovens or submersion in hot liquids, and fasteners triggered by 
increased air pressure require the availability of pressure 
rooms at recycling plants and repair centers. The investments 
needed for such installations are not easily made if only a few 
products put on the market are equipped with active fasteners 
[12]. 
2. Elastomer material based fastener 
A fastener concept was developed that offers a solution for 
the problems stated in the previous section. Although the 
fastener is currently being tested in Flat Screen Televisions 
(FTVs), it is a generic fastener developed for EEE that is 
jointly collected at the EoL. The presented fastener is a low-
cost solution, because the use of widespread engineering 
polymers and production processes allows for low-cost 
fastener production. In addition, the fastener can be easily 
adopted in future generations of electronic products, since few 
changes to the current assembly process are needed and non-
destructive manual disassembly for the purpose of repair, as 
well as recycling, is facilitated without the need for a 
dedicated disassembly installation. 
2.1. Trigger signal and source 
Under European boundary conditions, it is not always cost 
efficient to separate selected products for treatment in a 
dedicated disassembly process. Therefore, techniques have 
been explored for which the trigger signal can be easily 
applied without specialized equipment. Moreover, a 
disassembly trigger signal is envisaged that also occurs in a 
shredder or smasher, because products might be jointly 
collected and treated in size reduction-based recycling 
processes. This will ensure that, even if products end up in the 
regular WEEE stream and regardless of future treatment 
techniques, the application of the conceived fasteners does not 
hamper recycling of the product. 
For the presented fastener concept, application of specific 
vibrations is employed as a trigger signal. To avoid unwanted 
disassembly during the product lifecycle, the characteristics of 
the imposed vibrations such as frequency and amplitude 
should be chosen in such a way that the trigger signal does not 
occur during the normal life of the product. High amplitude 
short period vibrations can occur during an accidental product 
drop; however, long period vibrations with medium amplitude 
or a pulling force exercised on the product housing do not 
occur accidentally and could therefore be used as a trigger 
signal. Accordingly, a vibration with an energy content that 
exceeds a predefined level could initiate the disassembly 
process. For instance, this trigger could be imposed by 
dropping the product from sufficient height or by exerting a 
force on the product housing using a screwdriver as a lever. In 
some of the current treatment installations a washing drum 
principle is used to impose an impact on the product to break 
it down into smaller parts, which can also be sufficient to 
initiate disassembly of the product. 
The question might arise whether this concept can be 
regarded as AD, because physical contact with the product is 
needed. Yet, disassembly does not require localization of the 
fasteners and it is a one-to-many process because multiple 
fasteners and products can be released simultaneously in one 
action. In addition, generic fasteners can be developed for 
application in different types of products. Hence, this concept 
meets the characteristics of AD. 
2.2. Working principle 
The presented fastener is based on the mechanical 
properties of elastomer materials. Elastomers are nearly 
incompressible, can undergo large elastic deformations and 
demonstrate significant viscoelastic properties. Because of the 
damping capacity, elastomer material behavior is time 
dependent in such a way that fasteners can be constructed to 
withstand high-frequency vibrations, such as impact due to 
accidental product drop, but they will deform significantly 
when a load is applied over a longer period. 
2.3. Embodiment 
This article focuses on an elastomer washer based fastener, 
as presented in Figure 1a. The presented embodiment is the 
enhancement of a typical screw connection by the addition of 
an elastomer washer, as illustrated in Figure 1b. A typical 
screw connection to fasten two components involves a 
component with a threaded hole (component A) and a 
component with an unthreaded hole with a diameter equal to 
the shaft of the screw (component B). The threaded 
component remains unchanged, but the hole in component B 
is enlarged to enable the head of the screw to pass through. In 
addition, component B could have a dedicated profile to fit an 
elastomer washer. 
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Fig. 1. (a) assembly; (b) deformation of elastomer; (c) disassembly. 
This washer ensures the fixing of both components; however, 
if a predefined force is applied over a longer period of time, 
the elastomer can be deformed, thus allowing the head of the 
screw to be pulled through the elastomer washer. This results 
in disassembly of both components, as illustrated in Figure 1. 
A conceptual similarity can be noticed with the ‘Easy Release 
Technology’ developed and implemented by Sharp [7,8]. 
However, while the fastener developed by Sharp is based on 
SMA, which is relatively expensive and needs to be heated to 
initiate disassembly, the fastener presented here is based on 
inexpensive elastomer materials and the disassembly can be 
initiated without dedicated disassembly installations. 
For the presented fastener, both product design related 
aspects and the assembly process connected with its 
application are very similar to those of a normal screw, which 
is typically used as a fastener in FTVs. This embodiment 
allows to preload components during assembly similar to a 
normal screw connection, which is not possible with 
traditional snap-fit connections and proved to be of concern 
during discussions with TP Vision product architects. In 
addition, this embodiment allows for more controlled 
assembly operations compared to snap-fit like connections 
because it provides better visual feedback during the assembly 
process. Therefore, it is better suited for remanufacturing and 
repair purposes. Furthermore, because of the close 
resemblance with the currently used screw connections, the 
implementation of this fastener requires little effort of the 
manufacturer to adapt the assembly line. 
 
2.4. Optimization approach 
A technical contradiction is present in this design problem: 
fixed versus not fixed. The fastener should fix the components 
during the use phase of the product, but should allow easy 
disassembly at the EoL phase. Relying on the elastomer 
material characteristics, it is the aim to reach a separation of 
these contradictive states based on condition: a fixed 
condition during force applied for a short period, such as 
impact caused by a product drop, and an unfixed condition 
when a force is applied for a longer period. The fastener 
dimensions as well as the material parameters influence the 
behavior of the fastener. To be able to tune the geometry and 
material parameters to reach the desired behavior, an 
optimization process will be carried out. Due to the large 
number of variable parameters and the difficulty of producing 
sample fasteners for a wide variety of industrially available 
elastomers, a prototype-based optimization process supported 
by computer simulations based on Finite Element Analysis 
(FEA) was chosen. 
The goal of the FEA is to analyze the behavior of the 
fastener and qualitatively compare different design variants in 
a controlled environment that allows parameters to be easily 
changed. To be able to elaborate a realistic analysis for design 
of elastomer components, relevant issues to be addressed are 
the nonlinear elastic material behavior, the corresponding so- 
called hyperelastic material models and determination of 
material parameters. Currently, dynamic aspects are not taken 
into account and the simulation is limited to a quasi-static 
analysis to obtain overall deformation and stresses of the 
fastener connection. For optimization purposes the data of 
elastomer materials that are industrially available for 
production are required. Because material coefficients for 
application in hyperelastic material models are not readily 
available from material suppliers, these coefficients should be 
calculated based on material stress-strain tests that are easy to 
execute using sample material. 
3. Validation 
Several prototype setups have been realized to validate the 
fastener concept for AD presented in Section 2. Washers have 
been produced using a two component moldable silicone 
rubber. The mold was produced by fused deposition 
modeling, a rapid manufacturing technique. The prototype 
washers are designed to fit the customized back cover of a 
current FTV model. Figure 2 shows the prototype washers, 
while the implementation of the fastener in an FTV back 
cover is shown in Figure 3. 
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Fig. 2. Prototype washers – molded silicone rubber. 
 
Fig. 3. Implementation in an FTV back cover. 
The FTV model equipped with elastomer washer based 
fasteners was subject to the standard product quality tests that 
precede every new product launch, in order to evaluate the 
behavior of the fasteners. These product tests include an in-
box drop test, vibration test, climate test and pull test. For the 
vibration test, the FTV is fixed on a vibrating platform as 
shown in Figure 4. The pull test involves exerting a pulling 
force with the aid of a hook at several places on the back and 
front cover of the FTV, as shown in Figure 5. The initial 
results of these tests were positive, as the FTV equipped with 
prototype fasteners withstood the tests without failure of the 
connections. 
Disassembly of the prototype FTV was carried out using a 
screw-driver as a lever to exert the needed amount of force on 
the back cover to initiate its unfastening. Subsequently, the 
complete back cover could be easily disassembled by means 
of pulling at it by hand, as illustrated in Figure 6. No 
identification of or physical contact with the fasteners is 
needed for this disassembly process, allowing a fast 
disassembly. It was noticed that the elastomer washers failed 
during the disassembly process. This observation corresponds 
with the results of initial computer simulations of the fastener 
setup, which are shown in Figure 7. In the subsequent steps 
during the process of deformation of the elastomer washer, 
peak stresses indeed occurred at the edges of the screw head 
and hole of the back cover component, which are the places 
where material failure occurred in the prototype fasteners. 
 
 
Fig. 4. Prototype FTV during vibration test. 
 
Fig. 5. Prototype FTV during pull test. 
 
Fig. 6. Prototype FTV disassembly. 
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Fig. 7. FEA of the fastener setup. 
4. Conclusion and future work 
A novel fastener concept for design for disassembly is 
presented, which is based on an elastomer material and 
triggered by imposing specific vibrations to the product. The 
fastener is designed to be a low-cost solution for application 
of AD in EEE, which is also beneficial in the currently 
applied EoL treatment processes. Several prototypes were 
realized to show the feasibility of the fastener concept. 
Prototype fasteners were implemented in a recent FTV model, 
on which several product quality and disassembly tests were 
subsequently carried out. The results of these initial tests are 
promising. However, further testing is needed to qualify and 
quantify the behavior of the fastener in more detail. Also, 
based on disassembly experiments with prototype FTV sets in 
cooperation with recycling companies, an ecological and 
economic analysis of this novel fastener will be elaborated. 
An optimization approach based on FEA was proposed as 
an aid in understanding and comparing the fastener behavior. 
Future work will thus focus on further optimization of the 
fastener based on a combination of prototype setups and FEA.  
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